Standard lots, which are used to assess values of individual lots in Korea, have been criticized for their improper distribution. However, there has been very little evaluation for the spatial distribution of standard lots, and an evaluation method has never been developed. In order to overcome this situation, we attempt to assess the appropriateness of the spatial distribution of standard lots using the L-index and Monte Carlo simulation. The L-index is a well-known indicator of the complete spatial randomness (CSR) of points in spatial statistics. If the L-index of standard lots is similar to that of individual lots, the former is considered to be randomly distributed according to the latter. By analyzing L-indices of two study areas, Gangnam and Seongdong, we find a statistically significant difference in Gangnam area and a relatively small difference in Seongdong area. We confirm that the spatial distribution of standard lots is not CSR and that the L-index is useful as an evaluation method. These results suggest that the standard lot selection and management guidelines need to be modified to apply the spatial distribution of individual lots to the standard lot selection process.
Introduction
Standard lots are selected parcels that are used as criteria assessing values of individual lots based on the official land value system, and 500,000 such lots have been allocated nationwide as of 2013. Values of them are assessed every January 1 by appraisers and used as data for land value index tables. They are legally managed under the standard lot selection and management guidelines, which set the general criteria for the allocation and selection of standard lots by region, zoning, and land use. In spite of several revisions, these guidelines have been criticized for vague criteria (Lee, 2012) . Jeong and Hwang (2004) , Park (2006) and Lee (2012) suggested specific criteria based on decision-making model and GIS, but they didn't cover the criteria of the spatial distribution of standard lots and assess appropriateness.
Standard lot selection should consider the individual lot distribution because official values of individual lots are determined from compared standard lots. From a statistical point of view, a proper distribution of standard lots suggests a high probability of concurrence with the spatial distribution of individual lots. This can be assessed by the L-index, which was invented by Ripley (1976) as a method for globally analyzing the distribution patterns of point entities using distances between a specific point and all other points. Diggle and Chetwynd (1991) and Gatrell et al. (1996) developed the L-index method by verifying the relationship between the outbreak of disease and environmentally harmful facilities. These previous studies suggest that the L-index can be used as the indicator of the complete spatial randomness (CSR) of points. If the L-index of standard lots is similar to that of individual lots, the former is considered to be randomly distributed according to the latter. In this perception, we aim to assess the appropriateness of the spatial distribution of standard lots using the L-index and Selecting standard lots in a small area follows the standard lot selection criteria. These criteria are defined as follows: the representation of land values, the unbiasedness of land characteristics, the stability of land use, and the determination of land distinction. However, because these selection criteria are focused on declaring the principle of standard lot selection, there has been no attempt to pinpoint the location of standard lots or to specify spatial distribution. Ko (1997) shows that when calculating the optimal number of standard lots based on statistical sampling, allowable error is exceedingly high and reliability is low. Jung (2002) Kim (1995) , Lee (1999) , Jeong and Hwang (2004) , Park (2006) , Yun (2007) , and Lee (2012) .
Researches related to standard lot selection
However, because such research using GIS are all focused on improving the standard lot selection criteria, there has been no attempt to assess the spatial distribution of standard lots statistically, as this study attempts to do.
Point pattern analysis method
Point patterns are defined as a series of locations ( …)
. …) where for a specific space, R,
. is a vector coordinate of i th event in R. Event is standard term used in the point process to distinguish the observed location from a random location in R (Diggle, 1983) . R can be a rectangle or polygon, and because a border effect occurs in any case, a buffer zone should be used. Otherwise, the border must be considered at the time of analysis, to supplement the effect. The index most used to verify the CSR distribution of point patterns is the K-index derived from Ripley's K-function.
The K-index compares the number of actual points existing within a certain distance and those theoretically expected to determine whether a point distribution is random (Eq. (1)).
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Here, r is search radius, R is the target area, n is the number of events, is the density of the event, and          is the distance between the event and …)
is a weight that can eliminate border effects.
If the point distribution is CSR, a point's probability of occurring in every location is identical and independent from other points. Therefore, the average number of points expected to be found within a distance r from a certain location is . In an isotropic situation without spatial interaction, it is , in aggregated distribution , and in regular distribution …)
. Therefore, in the K-index graph for distance, it is possible to determine at which distance the aggregation occurs, but because the general graph increases by r, the L-index, shown in Eq. (2), is used in practical applications instead of the
Eq. (2) gives the L-index, originally suggested by Ripley (1976) , which was supplemented by Cressie (1991) for advantages stemming from the concurrence between the L-index for CSR distribution and the X-axis on the graph through distance deduction. If two different point patterns are separately random, both L-indices become zero.
Significance verification of the L-index's difference from zero, indicating whether points are concentrated or regularly distributed compared to CSR distribution, principally uses the Monte Carlo simulation (Diggle, 1983) . This method arbitrarily generates the same number of point objects as the target event and calculates the L-index many times over to find the minimum and maximum bounds and the statistical confidence interval.
3. Testing and analysis
Data and software
The data used in this study are the coordinates of individual lots and standard lots in Seoul in 2010. This study selects the Gangnam-gu as study area #1, as it has regularity in individual lot distribution due to new town development, and the Seongdong-gu as study area #2, which includes varied lots including streams, old neighborhoods, Eungbong
Mountain, and the Seoul Forest.
As shown in Fig. 2 , study area #1 shows a regular distribution of individual lots and standard lots, and study area #2 shows very irregularly distributed and concentrated individual lots and standard lots.
Fig. 1. Location of study areas
The number of individual lots and standard lots by zone within study area #1 are given in table 1, the occupied area in 
L-index analysis and considerations
To verify the statistical significance of distributed standard lots in the study area, the Monte Carlo simulation is necessary. The CrimeStat Ⅲ program includes a simulation function for significance verification, but this function assumes a homogeneous space to create points randomly, while distributions of standard lots and individual lots are imbalanced because of geographical and land use features.
Therefore, they would appear to be concentrated distributions compared to randomly created points.
Thus, we execute a Monte Carlo simulation through 10 random samplings from individual lots, which are the population of standard lots, to verify the statistical significance of standard lot distribution. In the sampling, R, which is a statistical program, is used frequently, and the L-index is calculated from sampled individual lots for upper and lower bounds to calculate a 95% confidence interval. In the study area #1 for Fig. 4 and Table 7 , the distribution of individual lots is concentrated within a 200m radius with a very low value; further, if it exceeds a 500m radius the distribution is regular. This explains how, as shown in As the section between a 145m and 790m radius (the grey part of table 8) is included in the confidence interval in study area #2, we conclude that the standard lot distribution follows the individual lot distribution, in that extent of radius.
However, the L-index is negative in the short distance within a 30m radius and the distribution of standard lots within a 200m radius shows a relatively lower density than that of individual lots. Because the overall number of standard lots is 2.8% for Seongdong, as compared to 4.1% for Gangnam, any future standard lot addition should apply the individual lot distribution.
Conclusions
In this study, we analyze L-indices to assess the appropriateness of the spatial distribution of standard lots. In this study, the spatial distribution of standard lots appears not to fully apply to that of individual lots, and this means that standard lots are not representative samples.
Study areas comprise
Considering the roles of standard lots as assessing criteria for official individual land values, the standard lot selection and management guidelines need to be modified to apply the spatial distribution of individual lots to the standard lot selection process. The limits of this study are as follows: bias according to zoning composition and land value distribution are not considered, and the concrete effects of the standard lot selection and management guidelines on standard lot spatial distribution are not considered.
